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Variations in skill mix are associated with positive and adverse patient outcomes. 
A task component-based measure of skill mix is used. 
Novel skill mix measure is specific to a care pathway. 
Influence of skill mix on outcomes varies across pathways. 




Skill Mix and Patient Outcomes: A Multi-country Analysis of Heart 
Disease and Breast Cancer Patients 
 
Abstract:    
Policymakers are becoming aware that increasing the size of the healthcare workforce is no 
longer the most viable way to address the increasing demand for healthcare. Consequently, a 
focus of recent healthcare workforce reform has been extending existing roles and creating new 
roles for health professionals. However, little is known of the influence on outcomes from this 
variation in labour inputs within hospital production functions. Using a unique combination of 
primary and administrative data, this paper provides evidence of associations between the 
composition of care delivery teams and patient outcomes. The primary data enabled the 
construction of a task component-based measure of skill mix. This novel measure of skill mix 
has the advantage of capturing how workforce planning can restructure the relative input of 
nurses or physicians into task components while keeping the overall level of staff fixed. The 
analysis focuses on specific care pathways and individual hospitals, thus controlling for an 
under-investigated source of heterogeneity. Additionally, stratifying by country (England, 
Scotland, and Norway) enabled analysis of skill mix within different health systems. We 
provide evidence that variations in labour inputs within the breast cancer and heart disease care 
pathways are associated with both positive and adverse outcomes. The results illustrate the 
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In many European countries expenditure on health is the largest single item of public 
spending (Hernandez et al. 2006). The size and composition of the healthcare workforce 
contribute substantially to both expenditure levels and the performance of healthcare systems 
(Dixon et al. 2018). In attempts to contain healthcare expenditures and improve performance, 
these key characteristics of the healthcare workforce are changing in many European countries 
(Maier et al., 2018).  
Policymakers are becoming aware that simply increasing the size of the healthcare 
workforce is no longer a viable option to address the challenges of managing the healthcare 
needs of ageing populations; the existing workforce must be restructured to change how 
services are delivered (Scottish Government, 2016). A key focus has been to develop the skills 
of the healthcare workforce by extending existing roles and creating new roles for health 
professionals. This focus implicitly assumes that lower skilled/cost staff can substitute for 
higher skilled/cost staff without adversely affecting patient outcomes. Yet little is known about 
the impact of such innovations in healthcare delivery systems on specific patient outcomes. 
This paper attempts to address this lack of evidence by investigating whether differences in the 
composition of the care delivery team are associated with different process, healthcare use, and 
medical outcomes. For a consistent patient sample, we assess relative efficiency, in terms of 
the length of inpatient stays, and the quality of care (emergency readmission rates and survival 
probability) associated with variations in skill mix. 
Hospitals are in essence multi-product firms, and there is no foundation to believe that 
the production functions are common across care pathways. To address potential heterogeneity 
across pathways, we separately analyse two conditions which have a high societal burden - 
breast cancer and heart disease (STEMI - elevated ST wave myocardial infarction). Some 
notable contributions, such as Martin et al. (2015) and Street et al. (2014), have reported 
pathway specific analyses of patient outcomes, but these have not investigated the role of skill 
mix at this level of disaggregation. Our analysis focuses on this gap in the literature.  
An important feature of the breast cancer and STEMI care pathways is that they are 
determined by international protocols and guidelines (Blank and Burau, 2013). Therefore, we 
can reliably assume that different hospitals, both within and between the three northern 
European health systems which are the focus of this study, are delivering this care using broadly 
the same procedures. This feature enabled disaggregation of the care pathways into task 
components and collection of primary data from healthcare professionals regarding which tasks 


































































of skill mix was constructed by Gibson and Sutton (2019). The Measure of Relative Nurse 
Involvement (MORNI) (Gibson and Sutton, 2019) measures the relative labour input of nurses 
and physicians on a care pathway, and thus, captures the extent of task component substitution 
– nurses doing components of tasks elsewhere performed by physicians. Using the MORNI, 
we assess the relative performance of different mixtures of labour inputs in the hospital 
production function. 
A further feature of the breast cancer and STEMI care pathways is that individual-level 
administrative data on outcomes are routinely collected within the three distinct health systems 
analysed (Scotland, Norway, and England). This enables us to control for the influence of 
patient diversity on outcomes, another important source of heterogeneity between hospitals.  
The combination of administrative and primary data generates a unique dataset to 
examine the pathway-specific influence of skill mix on patient outcomes. We show that 
variation in skill mix along care pathways is associated with both positive and adverse patient 
outcomes. Consistent with the “quicker and sicker” argument (Kosecoff et al., 1990), efficiency 
gains may come at the cost of reductions in survival probability on some care pathways. 
The next section introduces our conceptual framework. Section 3 briefly reviews the 
relevant literature. Section 4 provides our methodology. Section 5 contains regression results. 
Section 6 provides discussion and Section 7 concludes. 
 
2. Conceptual Framework  
The focus of this paper is how the mix of labour inputs into task components influences 
the outputs, the measured patient outcomes, of hospitals within two care pathways in each of 
the three countries. It is known that hospital production functions are labour intensive and 
involve healthcare professionals with varying levels of skill. Any care pathway can be broken 
down into the task components which must be completed to produce the output of the overall 
care pathway. Between task components the level of skill required by the health professional 
will vary, and each of these task components will have an output.  
To conceptualise the decision faced by health service workforce planners it is useful to 
consider how task components combine within the production function for a care pathway. We 
frame our discussion of the hospital production using elements of models by Acemoglu and 
Autor (2011) and Koch (2015). Although the production functions in these models are not 
specific to hospitals, they are task-specific, involve labour inputs from staff with varying levels 


































































The patient outcome we observe following treatment results from the aggregation of 
outputs from multiple task components completed by nurses and physicians. Each care pathway 
involves a combination of a continuum of task components represented by the unit interval. 
The combination of task components varies across pathways, but is consistent within pathways 
and between hospitals. The production of outcomes on a care pathway can be formalised to 
express how task components are combined: 
1
0
( ) ( )exp ln ( , )Y h h y h i dif é ù= ê úë ûò    (1) 
where ( )Y h  is the patient outcome for hospital h  on a single care pathway, ( )hf  is a hospital’s 
efficiency in workforce planning (allocating task components to staff), ( , )y h i  is the production 
level of task component i  in hospital .h   
To enhance the clarity of our conceptual framework we simplify the healthcare 
workforce such that only two types of labour exist, and these types are determined by skill 
levels. Task components are performed by low-skilled and high-skilled workers, ( , )n h i  and 
( , )p h i  respectively. Higher skilled workers (p) represent physicians and are employed at a 
wage of .pw  Lower skilled workers (n) represent nurses and are employed at a lower wage of 
.nw  The supply of both types of worker is fixed and inelastic. Capital is assumed to be fixed 
and factor neutral for all task components. The factors of production combine in a linear 
homogenous task component-specific production function: 
( , ) ( ) ( , ) ( ) ( , )n py h i i n h i i p h ia a= +    (2) 
where ( )n ia  and ( )p ia  are the labour productivities of the two skill types, when performing 
task component i . These capture how the comparative advantage of skill groups differs across 
task. Grades of staff differ in their abilities performing a single task component, and task 
components differ in their skill requirements. Consequently, the scope for substitution between 
task components will vary based upon the competencies required. A high skilled worker 
assigned to the least complex task component will likely be as productive as a low-skilled 
worker, since specific skills are not required for performing the task component. The 
productivity advantage of high skilled workers increases with the complexity of task 
components. Where a binding budget constraint exists, such as within many healthcare 
systems, the workforce planner will seek to utilise this marginal rate of technical substitution 
between grades of staff until it equals the factor-price ratio. At this point the efficient 


































































The task component production function implies that there is scope for substitution 
between nurses and physicians in the performance of task components. This would allow the 
workforce planner to alter the relative input of nurses and physicians to specific task 
components without altering the overall numbers of nurses and physicians involved on the care 
pathway. For example, by adjusting the proportion of relatively low-skilled task components 
within the workload of physicians, where the comparative advantage of physicians over nurses 
is smallest, this could increase the resources available to produce high-skilled task components. 
In this simplified hospital production function, outputs (patient outcomes) are held 
constant at the point where skill substitution occurs. However, process, healthcare use, and 
medical outcomes may differ in their relationship to the labour inputs of the hospital production 
function. We investigate the assumption of constant outputs in our empirical analyses. 
While this conceptualisation of the planner’s decision simplifies the hospital production 
function, it is a useful foundation for understanding the issue and is the implicit basis for many 
of the empirical studies discussed below. If the outcomes of the production function remain 
constant regardless of the skill mix employed, there is scope to substitute tasks from one skill 
type to another. For example, from high cost staff to lower cost staff. If outcomes change, either 
improving or deteriorating, health care planners must trade the magnitude of the changes. For 
example, efficiency against survival. Such knowledge is essential for informed decision 
making if healthcare systems are to meet the increasing demand for health services and manage 
financial pressures. Within this paper we investigate the scope for substitution of tasks between 
nurses and physicians without adversely affecting patient outcomes. We do this using a 
measure of skill mix (labour inputs) which is disaggregated to the care pathway level. 
 
3. Related Literature 
A small number of empirical papers, mainly from the US, have focused on nurses only 
when investigating the effect of skill mix on patient outcomes at the health system level. 
Griffiths et al. (2014) provides a comprehensive review. These studies often show that lowering 
nursing skill mix, that is replacing professional nurses with less qualified nurses, is associated 
with higher rates of adverse outcomes. Needleman et al. (2002) use hospital-level 
administrative data on staffing levels and patient discharges from a large sample of hospitals 
across 11 states. The measure of skill mix used was the proportion of hours of nursing care 
provided by each skill category of nursing personnel. They find that higher skill mix was 


































































found for surgical patients. For both patient types a lower skill mix was associated with higher 
rates of some infections. Using the same measure of skill mix in a study including 54 US 
hospitals, Blegen et al (2011) also found that lower skill mix was associated with higher 
infection rates, and additionally with increased in-hospital mortality. Only one US study found 
an association between nursing skill mix and readmission rates, which were found to be lower 
when the labour input of registered nurses was higher (Weiss et al., 2011).  
Two Canadian studies examining factors determining casemix-adjusted 30-day 
mortality rates within hospitals identified a negative association between 30-day mortality and 
registered nurses as a percentage of the total nursing staff within a hospital (Estabrooks et al., 
2005, and Tourangeau et al., 2006). One study based on English National Health Service 
examine the relationship between daily levels of registered nurse and nursing assistant staffing 
and hospital mortality (Griffiths et al., 2019). They found that lower levels of registered nurse 
staffing were associated with increased risk of mortality. Likewise, a broad review of nurse 
staffing, skill mix, and patient outcomes identified a consistent association between lower 
registered nurse staffing levels, increased mortality and other adverse patient outcomes 
(Griffiths et al., 2016). 
Aiken et al (2017) pooled data from 6 countries and 188 hospitals (Belgium, England, 
Finland, Ireland, Spain and Switzerland). They measured skill mix at the hospital-level by the 
percentage of professional nurses (at least 10 years of general education at the secondary level 
plus 3 years of nursing education) among all nursing personnel using data from a nursing 
survey. The relevant question asked nurses to self-report the number and qualifications of 
nursing staff on their last shift. Consistent with the US studies, Aiken et al. (2017) find that 
lower skill mix is associated with higher odds of inpatient mortality and other adverse events, 
such as infections.  
 We make several contributions to this literature. Firstly, by focusing on both specific 
care pathways and individual hospitals our analysis controls for a great deal of heterogeneity 
in health systems and across pathways within hospitals. For example, a higher skill mix may 
be a feature of particularly complex care pathways and the share of total hospital activity 
accounted for by such pathways may differ between hospitals. In addition, by stratifying our 
analysis at the country level we can assess variation in the influence of skill mix within different 
health system settings. Lastly, our measure of skill mix is novel since it is based on task 
components and compares the relative input by physicians and nurses. This enables an 




































































This study employs a unique combination of primary and administrative data. Primary 
data was collected as part of the wider MUNROS (www.abdn.ac.uk/munros) project. Within 
one part of the project, questionnaires were self-completed by healthcare professionals at 
participating hospitals in each of the countries involved in the study. This enabled a pathway-
specific measure of the skill mix within the care delivery team to be constructed. Detailed 
discussion of the primary data collection is available in Bond et al. (2016). 
A care pathway is defined as a group of tasks to be performed in addressing the needs 
of a patient requiring treatment for a defined clinical condition within a hospital. As a result of 
discussions with clinicians, the questionnaire used within the MUNROS project disaggregated 
stages of care (e.g. diagnosis) into tasks (e.g. patient assessment) and then smaller task 
components (e.g. conducting coronary angiography) involved in the delivery of care. The 
complete task lists are available within the appendix. 
The breast cancer care pathway covers four stages: diagnosis (6 tasks and 29 task 
components), surgery or managing therapy (5 tasks and 38 task components), follow up and/or 
managing complications (5 tasks and 21 task components), and palliative care (1 task and 4 
task components).  
The heart disease care pathway covers five stages: diagnosis and assessment (4 tasks 
and 15 task components), providing treatment (3 tasks and 11 task components), managing 
complications (1 task and 7 task components), cardiac rehabilitation (2 tasks and 6 task 
components), and care post-discharge (4 tasks and 12 task components).  
Health professionals were asked to indicate their job title and if they were involved in 
the delivery of each task component along the care pathway. Substantial effort was made to 
ensure consistent categorisation of staff. Respondents were asked to report their job title and 
level of education. Using information from both questions, the respondents were assigned to 
one of 28 predefined professions by two researchers in each country. The same categories were 
used for all countries surveyed in the wider MUNROS project. Any differences in 
categorisation were discussed with the research group to ensure consistency. Only physicians 
(consultants and junior doctors) and nursing staff (advanced nurses, specialist nurses, and 
general nurses) actively involved in hospital-based care for breast cancer or STEMI are used 
within this analysis. Data constraints prevented greater staff category disaggregation, and the 


































































excluded staff categories will have limited involvement in inpatient stays, the focus of our 
analysis. 
Response rates from health care professionals involved on the breast cancer pathway 
were 43% in Scotland, 45% in Norway, and 51% in England. For STEMI the equivalent figures 
were 34% in Scotland, 54% in Norway, and 47% in England.  
Questionnaire responses on involvement in task components were then used to form 
our main variable of interest – the MORNI. Although certain task components may require 
input from only one skill level, all task components are included in the skill mix calculation 
since the output we observe involves aggregation over the care pathway. The method for 
forming the MORNI is summarised below. For a detailed discussion of the MORNI 
development see Gibson and Sutton (2019). The determinants of changes in professional roles 
are not examined in this paper, a discussion of these issues can be found in Köppen et al. (2018). 
Administrative data detailing hospital admissions, outcomes and characteristics at the 
patient-level (described below) for Scotland was extracted and linked by the Information 
Services Division (ISD) of NHS Scotland. Equivalent data for England was sourced from the 
Hospital Episodes Statistics (HES), while Norwegian data comes from the Norwegian Patient 
Registry (NPR). We also include routine data on hospital characteristics and performance 
which are publicly available.  
Our dataset covers all inpatients with a new diagnosis for breast cancer and STEMI at 
participating hospitals in the calendar year 2013. We reduce the scope for treatment 
heterogeneity by applying strict conditions for inclusion in the sample. These are International 
Classification of Disease (ICD10) codes 21.0, 21.1, 21.2, and 21.3 for STEMI, and ICD10 code 
C50 for initially surgically managed breast cancer. 
An inpatient stay is defined as a period of treatment requiring the patient to remain in 
hospital for a minimum of 1 night. The breast cancer samples cover seven hospitals in Scotland, 
six in Norway, and nine in England. For STEMI twelve Scottish hospitals are included, seven 
from Norway, and nine from England. 
Individuals often appear multiple times within the inpatient records since these are 
predominantly recorded at the episode level. Within the raw data a single period of treatment 
may appear as multiple episodes, mainly for administrative reasons, since an episode can be 
defined in several ways. Examples include when an inpatient becomes a day patient in another 
specialty during the inpatient stay, when a transfer between hospitals occurs, or when there is 
a change in consultant for medical reasons. Since we are interested in the effect of skill mix 


































































length of inpatient stay and emergency readmission within 28 days of discharge. For example, 
if an inpatient’s condition changes to such an extent that a different consultant is needed, this 
may be mistakenly recorded as an emergency readmission despite discharge and readmission 
occurring on the same day and the patient not leaving hospital. Busby et al. (2017) show, using 
the HES, that the length of stay is often underestimated when using episode-level data. For 
these reasons, we structure our dataset at the level of a continuous inpatient stay (CIS). A CIS 
constitutes a single period of treatment for an individual but may be formed from multiple 
episodes. Individuals may have more than one CIS within a calendar year, and so could appear 
multiple times within our dataset. To limit the influence of relatively rare cases involving a 
change in speciality or hospital, we restrict our sample such that the longest single episode 
within a CIS relates to the care pathways of interest and assign hospital-level variables based 
on the location of the longest episode within a CIS.  
 
Empirical strategy 
Governance restrictions on the administrative data used within the study meant that it 
was not possible to pool data from the three countries. Consequently, we estimated parallel 
models for the individual countries. We estimate a zero-truncated negative binomial (ZTNB) 
regression for the outcome based on counts (length of a CIS) and a probit regression for our 
dichotomous outcome variables (28-day emergency readmission following discharge and 30-
day survival post-admission). In all cases heteroskedasticity robust standard errors are used. 
Models were estimated using the tnbreg and probit commands in Stata 15. The model estimated 
is as follows: 
 
where Outcomeihp is the treatment outcome for individual i in hospital h on care pathway p in 
2013, MORNI is the hospital and pathway specific skill mix, X is a vector of hospital 
characteristics (teaching hospital dummy, median waiting time for elective treatment, and 30-
day post-admission mortality rate for all specialities), Y is a vector of patient characteristics 
(age, gender, number of comorbidities, number of operations during CIS, transferred to 
institution dummy, and healthcare resource group [HRG]/diagnosis related group [DRG] 
dummy), and ε is the idiosyncratic error term.  
 
Dependent Variables 


































































Three relevant outcome variables were identified based on the European Core Health Indicators 
and the OECD Healthcare Quality Index. The first outcome relates to the extent of healthcare 
use, this is the length of a CIS. This outcome is measured for the breast cancer and STEMI 
patients. The second outcome variable relates to the quality of the care delivered. This process 
outcome is 28-day emergency readmission post-discharge, measured for STEMI patients only 
due to insufficient occurrences within the breast cancer sample. The final outcome analysed is 
a health outcome captured by 30-day survival post-admission. Again, this outcome is measured 
for STEMI patients only. 
 
Independent Variables 
The main independent variable of interest, the MORNI, is estimated in three steps using 
the questionnaire data obtained from participating hospitals in each of the countries involved 
in the MUNROS project.  
The MORNI is a measure of skill mix estimated at the hospital level. MORNI 
estimation was conducted using all hospitals from all nine countries involved in the MUNROS 
project (Gibson and Sutton, 2019). Our analysis applies the MORNI estimates from Gibson 
and Sutton (2019) for the subset of countries with accessible administrative data. The first step 
is to estimate a logit model for the physician category. The purpose of the logit model is to 
generate an odds ratio for physicians completing a task at a specific hospital after controlling 
for other relevant factors which may influence the input of a staff member (age, gender, years 
in the role, and hours per week spent on the pathway). A dummy variable was formed for each 
task component to indicate if the staff member was involved in completion of this task. The 
model was then estimated for all task components simultaneously. This process implies that all 
tasks have equal weight and the contribution of staff is not relative. Hospital dummies are 
included in the model to provide the relevant odd ratios. Country dummies are also included to 
provide a national average odds ratio. The second step to generate the MORNI is to repeat this 
process for respondents who are categorised as a nurse. The MORNI is formed in the third step 
by taking the ratio of the two odds ratios. Specifically, the MORNI for hospital h and care 















































































The MORNI measures the relative odds that a task along the care pathway will be 
undertaken by a nurse. Larger values indicate greater nurse involvement in treatment, relative 
to physicians, along the care pathway. The advantage of this measure is that it captures how 
skills combine to complete tasks on a pathway, rather than simply concentrating on the absolute 
magnitudes of nurses and physicians. Therefore, within our analysis, the measure will indicate 
combination of allocated resources required to achieve patient outcomes on a pathway. 
The MORNI is not a ratio of the number of doctors and nurses. If an over or under 
supply of one category of staff exists, this would only affect the MORNI if the pattern of tasks 
completed by the staff groups was altered. For example, if an oversupply of doctors led to 
doctors performing task components elsewhere performed by nurses. 
In cases where the response rate prevented estimation of an odds ratio for one category 
of staff, the national average was used as the best available estimate. National averages are 
only used for either nurses or physicians, never both. Such estimates were necessary more often 
for physicians on the STEMI pathway. This imputation ensured that data was not discarded 
when it was possible to estimate one component of the MORNI and was essential given the 
data constraints when estimating our model. The national averages result from the same model 
as the hospital-level estimates from Gibson and Sutton (2019) using the same task-level data.  
Within our model (1) additional hospital-level variables are used to control for 
characteristics of the location for treatment which may impact on the production of patient 
outcomes. A binary variable is included to indicate if the location for treatment was a teaching 
hospital. The median waiting time for elective treatment for all specialities combined is 
included to capture the extent of excess demand for treatment at each hospital. A measure of 
overall hospital quality is provided by the 30-day post-admission mortality rate aggregated 
across all pathways available at the hospital, not just those included in our analysis. 
To control for patient heterogeneity, we include four age categories, gender (for STEMI 
only, the breast cancer sample is restricted to females), and a variable indicating that the patient 
was transferred to an institution on discharge (care homes, psychiatric hospitals, and prisons), 
which may cause a delayed transfer of care.  
A further three variables are included to capture the varying complexity of inpatient 
cases. A categorical variable captures the number of comorbidities which a patient has. A 
second variable captures the number of surgical procedures conducted throughout a CIS. The 
final variable accounting for casemix heterogeneity across hospitals is the HRG/DRG assigned 


































































to account for non-linearity in this variable. As our sample is pathway specific, sample 
members are assigned to a narrow range of HRG/DRG codes relevant to the care pathway. 
 
5. Results 
Table 1 and Table 2 provide descriptive statistics for the breast cancer and STEMI 
samples, respectively. In all countries we observe variation in outcomes between pathways. On 
average, a CIS on the STEMI pathway is longer than for breast cancer.  
We also observe variation between countries within a pathway. Although the tail of the 
STEMI CIS distribution is long in all countries, this is much more the case in Scotland and 
England. On the breast cancer pathway, the shortest mean CIS is in England, which also has 
the lowest variance in this outcome. On the STEMI care pathway 4.2% of the Scottish sample 
does not survive beyond 30 days following admission to hospital, the equivalent figure in 
Norway is 5.5% and in England the figure is highest at 7.5%. The rate of emergency 
readmissions within 28 days is at least four times higher in Scotland and England relative to 
Norway.  
Variation in the organisation of care can be observed at many levels. Within a country 
and pathway, the standard deviations show that there is substantial variation in the composition 
of the workforce involved in delivering the same task components on the care pathway. We 
also observe variation between pathways within country, and between countries within a 
pathway. The mean value of the MORNI on the breast cancer pathway is greater than 1.5 in all 
three countries, indicating that the relative involvement of nurses is higher than that of 
physicians. For STEMI the equivalent figure is slightly higher than 1 in Scotland and England 
and below 1 in Norway.  
 
Regression results 
Table 3 provides the results of the ZTNB regression of the MORNI (plus controls) on 
the length of a CIS. We observe differing associations within country between pathways, and 
between countries within pathways.  
Increasing relative nurse involvement in treatment is associated with shorter inpatient 
stays on both care pathways in Scotland, but only the STEMI pathway in Norway and England. 
In terms of magnitude, a change from an even chance of being treated by a nurse or a physician 
(MORNI=1), to being twice as likely to be treated by a nurse (MORNI=2) would reduce the 


































































Scotland, all other things being constant. The equivalent rate for STEMI is a 23.7% reduction 
in Scotland, 24.1% in Norway and 3.1% in England.  
The results from the probit regressions (Table 4) indicate that the process outcomes can 
be improved by task substitution on the STEMI pathway. A one unit increase in the MORNI is 
associated with a 5.8% reduction in the emergency readmission rate in Scotland, but there is 
no statistically significant effect in Norway or England.  
Both shorter inpatient stays and a lower rate of emergency readmission are desirable 
outcomes for patients and health systems. However, there is some indication in Table 5 that 
higher levels of relative nurse involvement may have an adverse effect on health outcomes on 
the STEMI pathway in Scotland. Although within the full sample there is no statistically 
significant effect of the MORNI on 30-day survival probability, the coefficient does have a 
negative sign and a substantial section of the confidence interval is negative 95% CI [-0.035, 
0.013]. Therefore, for STEMI patients in Scotland, we fail to reject the possibility that greater 
relative nurse involvement in treatment may reduce their 30-day survival probability. This 
result is observed to a lesser degree in the Norwegian and English samples. 
 
6. Discussion  
This paper used a unique combination of primary data linked to high quality 
administrative data to investigate the effect of variation in the composition of the healthcare 
workforce on specific patient outcomes. The Measure of Relative Nurse Involvement 
(MORNI) was employed to capture variation in nurse involvement, relative to physicians, in 
tasks along the care pathways for breast cancer and STEMI. The results of the regression 
analysis illustrate that patient outcomes are influenced by varying the labour inputs to 
production, although the impact varies between the care pathways and possibly health systems. 
When interpreting the results, we refer to a one unit change in the MORNI. Such a 
change would represent a substantial shift in workforce planning models. However, the mean 
levels of the MORNI in Tables 1 and 2 show substantial within-pathway variation in skill mix, 
both between countries and between hospitals. This variation indicates a range in observed 
values for the MORNI larger than the one unit change which the interpretation of the regression 
coefficients refer to. Therefore, due to existing differences in the composition of teams 
delivering care, two identical individuals undergoing the same treatment, from physicians and 
nurses of identical quality, on the breast cancer pathway in Scotland are predicted to spend 


































































The intuition for this finding is that delays in delivering treatment are reduced as nurses 
complete a larger proportion of the relatively routine tasks on a care pathway. Examples of 
such tasks identified, using the MUNROS questionnaire data, by Maier et al. (2018) include 
prescribing therapy for cancer-related fatigue, and revising chemotherapy.  The results suggest 
a positive impact when changes in workforce planning models incorporate task substitution. 
That we do not observe this result in Norway and England, suggests that these countries have 
already maximised the benefits of task substitution on the breast cancer pathway. This optimal 
level of skill mix would be between the 2.648 average observed in Norway and 2.378 observed 
in England, which is substantially above the 1.614 observed on average in Scotland. 
On the STEMI pathway our results predict that there is still scope for substitution to 
achieve shorter inpatient stays in Scotland, Norway, and England. The greatest reductions are 
predicted in Norway, which currently has the lowest mean level of the MORNI at 0.859. The 
predicted reductions are smallest in England and only statistically significant at the 10% level. 
Therefore, the maximum scope for substitution on the STEMI pathway may be at a MORNI 
close to the value observed in England (1.352). Examples of tasks components on the STEMI 
pathway where nurses have expanded roles in some countries include managing vascular co-
morbidities, and conducting assessments of which protocols to apply (Maier et al., 2018). 
It is assumed that patients will value shorter inpatient stays, provided clinical outcomes 
are achieved. At the same time, shorter inpatient stays should help to constrain the per patient 
treatment cost. Levels of substitution less substantial than a one unit change in the MORNI 
would reduce the length of inpatient stays and quickly accumulate in terms of total hospital 
days saved on a care pathway. Therefore, increasing relative nurse involvement in tasks may 
reduce excess demand for care by contributing to budget savings. Within the breast cancer 
pathway in Scotland, our results show there is scope for substitution without adversely 
affecting patient outcomes. On the STEMI pathway the predictions are more complex, since 
outcomes other than the length of an inpatient stay are also associated with variation of labour 
inputs to production. 
In addition to shorter inpatient stays, the results also suggest that increasing the relative 
involvement of nurses in treatment has either a positive (lower) or no effect on the rate of 
emergency readmissions within 28 days for the STEMI pathway. Lower or unchanged levels 
of emergency readmissions should also help to constrain costs per patient. For STEMI, the 
association identified suggests that process outcomes are being achieved despite shorter 
inpatient stays. This result shows some consistency with Martin et al. (2016) which found 


































































but stroke patients with shorter length of stay were more likely to be readmitted. Evidence of 
heterogeneity across care pathways illustrates the importance of analysing outcomes at this 
level of disaggregation.  
For other aspects of care quality there is some evidence that efficiency gains may have 
adverse effects on outcomes in terms of a reduced 30-day survival probability on the STEMI 
pathway. Such an effect is consistent with the literature summarised in Section 1, which 
showed that reductions in skill mix were associated with increased rates of adverse outcomes 
across a range of settings. It may be expected that lowering the quality of inputs to production 
would result in a lower quality output. For some task components this difference will be 
insignificant, but on the STEMI pathway in Scotland some of the substitution may be 
inappropriate. Further research will be required to identify the task components which have the 
greatest scope for substitution without an adverse effect on patient outcomes. Likewise, a full 
evaluation of the costs of increased adverse outcomes against the efficiency benefits of changes 
in skill mix would also be a useful route for further research. 
This paper represents the first analysis of the relationship between skill mix and patient 
outcomes which focuses on variation of inputs to task components on specific care pathways. 
We have demonstrated the usefulness of constructing a task-component focused measure of 
skill mix, the MORNI (Gibson and Sutton, 2019), for analysing changes in workforce 
composition in the delivery of healthcare. Although this research focuses on nurses, with 
enough data the MORNI may be disaggregated to finer levels of health professionals. For 
example, allowing a distinction in the skill levels within nurses. However, a limitation of the 
MORNI is that collection of sufficient data is resource intensive. This would be partially 
overcome as researchers and health professionals become more familiar with the process. 
The most evident limitation is that the data relates to a single year and that it covers 
only a small number of hospitals. Repeated observations across time would enable analysis of 
changes to workforce composition and care delivery within individual hospitals. This would 
provide an opportunity to move beyond the statements regarding associations which are 
presented here to generate models that address causality. Likewise, a greater volume of data 
may make it possible to identify the upper limit of nurse involvement on pathways, although 
comparison of the results from parallel models give some indication. 
It is prudent to consider further factors which may have influenced the results. Firstly, 
the response rate could affect the MORNI if a relationship exists between the number of tasks 
completed by a staff member and the likelihood of completing the questionnaire. Secondly, 


































































influence the results (Chung et al., 2015). We cannot entirely rule out either interpretation, 
although attempts were made to reduce treatment heterogeneity and limit to the influence of 
response rates. Future work could aim to ensure representativeness in the staff samples. 
Further extensions could include increasing the range of health outcomes which are 
captured. Although 30-day survival post-admission is highly relevant to the STEMI pathway, 
health outcomes associated with breast cancer often involve longer time horizons - for example, 
2- and 5-year survival rates. Additionally, patients may particularly value shorter waiting times 
for elective treatments, which may also be influenced by the MORNI. In this instance, our data 
did not allow us to observe these outcomes. Despite these limitations, our analysis has 
highlighted the importance of tailoring workforce planning models to specific care pathways 
if efficiency gains are to be achieved without an increase in adverse patient outcomes. 
 
7. Conclusion 
This paper has provided evidence that there is scope for substitution of task components 
between nurses and physicians. Our key finding is that the effects of such substitution, varying 
the skill mix, are pathway specific. Therefore, workforce planning models, and empirical 
analysis of the effect on outcomes, should be conducted at this level and be tailored specifically 
to care pathways. Patient outcomes should not be assumed to be constant when the labour 
inputs to production vary.  
In addition to being pathway specific, our results could be interpreted as showing that 
the health system setting also influences the effect of skill mix on patient outcomes. However, 
our conjecture is that the effect of relative changes of nurse involvement in treatment is 
homogenous within pathway between countries, for some outcomes at least. This conjecture is 
based upon the relationship between the mean MORNI values and the regression coefficients 
within each country. This relationship is observed despite running parallel, rather than pooled, 
analysis. Further research is needed to test this conjecture, but if correct, this would indicate 
that the maximum MORNI to achieve efficiency gains is around 1.3 on the STEMI pathway 
and around 2.5 on the breast cancer pathway. In this respect there is greater scope for 
substitution between nurses and physicians on the breast cancer pathway compared to the 
STEMI care pathway, and these efficiency gains (shorter inpatient stays) can be achieved 
without an adverse impact on the effectiveness of treatment.  
Although there is potential to improve aspects of care delivery through substitution of 


































































associated with both positive and adverse changes in patient outcomes. For STEMI, and 
possibly more generally across other care pathways, any evaluation of the changes resulting 
from variations in skill mix must consider the societal cost of excess mortality in addition to 
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Table 1 Descriptive statistics for breast cancer samples 
 Scotland Norway England 
 (n=961) (n=1056) (n=1286) 













































































































Notes: Sample mean and standard deviation (in parentheses) for all variables. Range (in square brackets) 
included for continuous variables only. 
Male, emergency readmission within 28-days, and 30-day survival excluded from the table due to 



































































Table 2 Descriptive statistics for STEMI samples 
 Scotland Norway England 
 (n=910) (n=1,919) (n=4,738) 

































































































































Notes: Sample mean and standard deviation (in parentheses) for all variables. Range (in square brackets) 

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































HCP questionnaire Breast Cancer Version 19_30.01.2015 
 
  Study ID  
 
Health Care Reform: the iMpact on 
practice, oUtcomes and costs of New 







Health Care Professional Questionnaire (Breast Cancer) 
 
All responses will be treated with complete confidence 
 
Please try to complete the whole questionnaire even though 
some questions may appear similar 
 -   -    -    -  
O; 
HCP questionnaire Breast Cancer Version 19_30.01.2015 
 
 
 MUNROS Health Care Professional Questionnaire 
(Breast Cancer) 

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































HCP questionnaire Heart Disease  Version 19_30.01.2015 
 
  Study ID  
 
Health Care Reform: the iMpact on 
practice, oUtcomes and costs of New 










All responses will be treated with complete confidence 
 
Please try to complete the whole questionnaire even though 
some questions may appear similar 
 
-   -  - 
 
    - 
 
O; 





HCP questionnaire Heart Disease  Version 19_30.01.2015 
 
 
 MUNROS Health Care Professional Questionnaire 
(Heart Disease) 
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